Introduction
Mammalian sex determination involves complex interacting networks of cellular and hormonal signals leading to the development of male or female phenotypes. In the human, the genital ridge destined to develop into either a testis or an ovary appears as a thickening of the intermediate mesoderm at forth week and remains identical in males and females about 40 days of gestation. The choice between male and female development is controlled by the sex chromosomes; the presence of a Y chromosome results in male development, regardless of the number of X chromosomes (Ford et al., 1959; Jacobs and Strong, 1959) . Human testis formation begins by the migration of primordial germ cells from extraembryonic areas to the genital ridge around 40 days of gestation (Wartenberg, 1989) . Sertoli cells then differentiate and surround the germ cells to start formation of the testicular cords around 50 days of gestation (Gondos, 1980; Wartenberg, 1989) . Male phenotype is controlled by two testicular hormones, the anti-Mullerian hormone (AMH) secreted by fetal Sertoli cells which induces regression of the Mullerian ducts (Josso et al., 1993 (Josso et al., , 1998 , and testosterone produced by fetal Leydig cells which induces differentiation of the Wolffian ducts into male reproductive organs (Winter et al., 1977) . It is known that secretion of the human chorionic gonadotrophin (hCG) achieves a maximum peak around 80 days of gestation (Kaplan et al., 1976; Huhtaniemi et al., 1977; Mulchaney et al., 1987) , and testosterone production was starts around 50 days of gestation and declines slowly after 100 days (Huhtaniemi, 1989) . However, little information about the histological maturation of the testicular cord around 80 days of gestation is available. Therefore, the purpose of the present study was to clarify the histology of fetal testes during 70 to 90 days of gestation. 
Materials and Methods
This study was approved by the local ethics committees of the Chonbuk National University in Korea. We examined 4 male fetuses of 70, 74, 86 and 90 days of gestation. The paraffin sections examined were 5-10 μm thick. Sections were deparaffinized in xylene, rehydrated then subjected to histochemical and immunohistochemical examinations.
Sections were stained with Gill's hematoxylin III and 2% eosin Y for light microscopical observation, and Masson's trichrome (MT) staining was performed according to standard procedures. Briefly, deparaffinized sections were exposed to a first mordant solution (10% potassium dichromate combined with an equal amount of 10% acetate dichromate; Muto Pure Chemicals Co., Ltd, Tokyo, Japan) for 10 min. After washing, the sections were exposed to iron hematoxylin solution (Weigert's iron hematoxylin solution 1 combined with an equal amount of Weigert's iron hematoxylin solution 2; Muto Pure Chemicals Co., Ltd, Tokyo, Japan) for 10 min to induce nuclear staining. After the sections had been washed with flowing water, they were exposed to a second mordant solution (2.5% phosphotungstic acid combined with an equal amount of 2.5% phosphomolybdic acid; Muto Pure Chemicals Co., Ltd, Tokyo, Japan) for 45 s. They were then exposed to 0.75% orange G solution (Muto Pure Chemicals Co., Ltd, Tokyo, Japan) for 1 min. After washing with a 1% aqueous solution of acetic acid, sections were exposed to Masson's dye solution (a mixture of ponceau de xylidine, acid fuchsin, and azophloxin; Muto Pure Chemicals Co., Ltd, Tokyo, Japan) for 10 min to stain cytoplasm red. After washing with 1% aqueous solution of acetic acid, sections were exposed to 2.5% phosphotungstic acid solution (Muto Pure Chemicals Co., Ltd, Tokyo, Japan) for 10 min. After washing with 1% aqueous solution of acetic acid, they were exposed to aniline blue (Muto Pure Chemicals Co., Ltd, Tokyo, Japan) for 5 min to induce blue staining of collagen fibers. Staining was carried out at room temperature.
Periodic Acid Schiff (PAS) staining was carried out by incubating with 1% periodic acid (Muto Pure Chemicals Co., Ltd, Tokyo, Japan) for 10 min, rinsed several times in distilled water, followed by incubating with Schiff's reagent (Muto Pure Chemicals Co., Ltd, Tokyo, Japan) for 10 min. The slides then were consecutively placed in potassium bisulphite (5 min), hematoxylin (1 min), and clarifier (1 min), with rinses in running tap water between each step. All procedures were performed at room temperature and positive stain induced red showed neutral glycoproteins and occasionally glycogen.
Proliferative activity of the cells was studied by immunohistochemical labeling of proliferating cell nuclear antigen (PCNA). The sections were deparaffinized and rehydrated, microwaved with 0.1 M citrate buffer at 900 W for 15 min. Endogenous peroxidase activity was quenched by incubation with 0.3% H 2 O 2 in methanol for 30 min. The slides were incubated for 20 min in blocking reagent (Dako, CA, USA) and then incubated with primary antibody against PCNA (rabbit polyclonal antibody, diluted at 1:200, Abcam, Cambridge, UK) for 2 h at room temperature. After washed in PBS, the slides were incubated with secondary antibody rat anti-rabbit IgG (Vector, CA, USA) for 30 min. Sections were then processed with Vectastain ABC kit (Vector, CA, USA) and reacted with DAB Substrate kit (Vector, CA, USA). Negative controls were prepared by omission of the primary antibody from the staining procedures.
For the detection of apoptotic cells, TUNEL staining was performed according to the method of Gavrieli et al. (1992) , with a slight modification. Paraffin sections (5-6 μm) from experimental mice were cut onto silane-coated glass slides, dewaxed with toluene, and rehydrated in an ethanol series. After washing with PBS, the sections were treated with 5 μg/ml of proteinase K in PBS at 37C for 15 min. The sections were then rinsed once with deionized distilled water and the commercially available kit (Apop Tag Plus Peroxidase In Situ Apoptosis Detection Kit; Serologicals Corporation, NY, USA) was used for detection of the 3'-OH end of DNA. Endogenous peroxidase activity was blocked by treating the sections with 3% H 2 O 2 in PBS for 5 min at room temperature. The sections were incubated with a mixture of terminal deoxynucleotidyl transferase (TdT) and digoxigenin-labelled dideoxy nucleotide in a humidified chamber at 37°C for 1 h. After reaction with stop buffer for 10 min, the sections were incubated with an anti-digoxigenin peroxidase conjugate for 30 min. Peroxidase activity was detected by exposing the sections to a solution containing 0.05% DAB. The sections were finally counterstained with methyl green. Negative controls were performed using distilled water in the place of the TdT enzyme.
Results
Between the period of 70 days and 90 days of gestation, the testes were located within the pelvic cavity (Figs.  1a and 1b) . Testicular cords at 90 days were identified more clearly than those at 70 days (Figs. 1c and 1d ). It was difficult to discriminate Sertoli cells from germ cells, however, the testicular cords containing both Sertoli cells and germ cells was lined with spindle-shaped cells exhibiting dense nuclei (Figs. 1b and 1d) .
By MT staining, the walls of the testicular cord at 70 days of gestation were obviously detected (Fig. 2a) , however, at 90 days, the staining of collagen bundles were weakened while the tubular structure of the testicular cords was more prominent (Fig. 2b) .
In the testes at 70 days of gestation, some cells inside the testicular cords were PAS positive (Fig. 3a) , therefore containing glycogen. In contrast to the 70 days of gestation, PAS positive stains were weakened on the testes at 90 days of gestation (Fig. 3b) . On the contrary, PCNApositive proliferating cells were clearly detected in all testes examined, and the number of positive cells seemed more at 90 days of gestation (Figs. 4a and 4b ). Most PCNA-positive cells are of the testicular cord, but some interstitial cells were also positive. In contrast, TUNELpositive apoptotic cells were not detected throughout the all testicular tissues in all testes examined (Figs. 4d and 4e). 
Discussion
In the present study, we described the histological appearances of the testicular cord structure of human fetal testes during 70 to 90 days of gestation when the hCG secretion is maximum. We showed that the testicular cords had been PAS-positive and also been surrounded by MT-positive collagen bundles at 70 days. With the maturation, both PAS and MT stains of the testicular cords had been weakened while cell proliferation inside the testicular cords had increased. However, apoptosis of testicular cells was not detected in this period.
It is well known that sexual differentiation begins around 40 days of gestation. At this time, the male primordial germ cells and the Sertoli cells become enclosed in the newly formed testicular cords, and fetal Leydig cells differentiate outside these cords (De Krester and Kerr, 1994) . The Sertoli cells and Leydig cells in the newly differentiated testis immediately start to secrete anti-Mullerian hormone and testosterone, respectively (Winter et al., 1977; Josso et al., 1993 Josso et al., , 1998 .
There are some studies focused on the number of prespermatogonia and somatic cells in differentiating human testes (Muller and Skakkebaek, 1983; Bendsen et al., 2003) , however, histological studies of fetal testes at 70-90 days of gestation are few. It was demonstrated that PAS positive stains had been well detected in prespermatogonia at around 35 days of gestation and then decreased (McKay et al., 1953; Fujimoto et al., 1977) .
In the present study we demonstrated the cells inside the testicular cords had been still PAS positive until 70 days but not 90 days of gestation, indicating that these PASpositive cells are prespermatogonia but not Sertoli cells.
During spermatogenesis in human adults, testicular germ cells actively proliferate, differentiate, and also undergo apoptosis. PCNA is a well-known endogenous proliferation marker (Sanders et al., 1993; Mokry and Nmecek, 1995; Auslender et al., 2002) and often used to assess the endogenous ability of spermatogenic cells for proliferation (Schlatt and Weinbauer, 1994; Kaminski et al., 1999) . In the human adult testis, PCNA-staining are consistently detected in spermatogonia and early spermatocytes but hardly detected in the interstitial cells (Hall et al., 1990) . However, PCNA can be also used as a marker for proliferation of testicular interstitial cells (Santamaria et al., 1995; Tauber et al., 1995; Schlatt et al., 1999; Murray et al., 2000) . In the present study, it was found that not only germ cells but also other testicular cells during 70-90 days of gestation had been detected by a positive PCNA monoclonal antibody reaction.
It is now widely accepted that apoptosis is the major mechanism of programmed cell death in a wide variety of tissues in the developing embryo (Juriscova et al., 1998; Warner et al., 1998) . In human testes, it is indicated that apoptosis starts in all testicular cell types as early as the first trimester of pregnancy and continues throughout fetal gestation (Quenby et al., 1999; Helal et al., 2002) . However, Modi and his colleagues (2003) later showed that TUNEL positive cells had not been detected in the developing testes before 100 days of pregnancy. The present study showed similar results by them.
In summary, the present study demonstrated the histological appearances of fetal testes during a period of maximal hCG secretion. This basic information may be useful for further investigation of differentiation of the testicular cord to the seminiferous tubule.
